1 a particle description for light 11 9 T. Ferbel shows that if light is reflected at normal incidence from a massive mirror receding from the light source with low mirror V << c then there are two entirely different way~ to show that 0 the wave length A is increased after reflection by an amount di\ given by (1) where v=c is the of light. The first way is to assume light is a wave. Then assume that light is a particle having zero rest mass, and thus having energy E momentum p and velocity v related by
With the additional assumption that these particles have wave properties .and obey the de Broglie relation
where h is Planck's constant, and with the assumption of energy and momentum conservation in the elastic collision with the wall (a "Compton" collision),Ferbel shows th~1t one obtains Eq.(l). The particle picture is in that sense eouivalcnt to tho uavc
In this note we generalize the argument from photons to all particles~-non~relativistic electrons~ relativistic electrons, photons~ etc~-and also turn the argument around: We assume that all these particles have wave properties and hence must exhibit a Doppler shift given by Eq.(l) when they reflect from a massive slowly receding mirror. We then show that all these particles must the de Broglie relation , with h an unknown constant to be determined interference experiments to measure A for particles of known momentum. for this wave to pass the stationary observer is
For the shift in period T,.and in angular frequency w=2TI/T, we therefore have
To obtain the Doppler shift in wavelength we could return to Eq.(4) and use the fact that v¢T=A.. But there is an easier way.
The phase and group velocities are given by
with k=2n/A.. Therefore we can simply write down
Combining Eqs. (7) and (5) then gives
which resolves the ambiguity. 
We are now ready to consider ic scattering of a parti.cle frol1l.
the slowly moving wall. We cortsider first the "opposite extreme" from a Assume the mirror is so massive that its velocity is unchanged by the collision.
Equating the relative velocity "before" to its negative ''after'' gives
We see that if v is greater than 2V then v' is negative and the particle bounces 
Notice that Eq.(l3)closely resembles Eq.(9) except for the important minus sign. velocity v and a wavelength A. We then assume that both Eqs.(l3) and (9) hold, and we assume v in (9) equals the particle velocity v in (13). Adding g Eqs. (9) and (13) where M,, V, and V 1 refer to the massive mirror.
Rearranging terms these become
( 17 1 where we used v from Eq.(l6) in the last step. Combining (20) and (19) gives dp/p "" -2V /v. 
. (22) /v~ , then we would have obtained the incorrect result A~hc/E, where E is the kinetic energy for a nonrelativistic particle, or the total energy for a relativistic particle.
To summarize: once we believe that light, nonrelativistic electrons, relativistic electrons, etc., must all have both wave and particle properties then by considering elastic reflection from a slowly moving massive mirror we can "derive" the de 
